The anole fauna of the Lesser Antilles is depauperate in relation to that of the Greater Antilles, where complex communities characterized by adaptive specialization and convergent structure are present. Much of this adaptation is the result of changes in body size and shape, probably as a result of interspecific competition. Here we present data on variation in size and shape within a solitary Lesser Antillean species occupying an ecologically heterogenous island, and test the hypothesis that natural selection for varying environmental conditions is the cause of this variation. Univariate (analysis of variance), bivariate (analysis of covariance) and multivariate (multiple-group principal component analysis, canonical variate analysis) analysis showed that there is considerable geographic variation in size and shape within Anolis oculatus on Dominica. Partial Mantel tests rejected the null hypothesis of no association between size and shape and environmental variation. The possible proximate and evolutionary mechanisms responsible for these patterns are discussed. Despite these overall associations, a considerable amount of variation in shape appears to be unrelated to environmental variation.
INTRODUCTION
Studies on many different groups of organisms, including bats (Crome & Richards, 1988) , monkeys (Fleagle & Mittermeir, 1980) and lizards (Collette, 1961) have demonstrated a functional relationship between morphology and habitat. In Anolis, independent radiations on the mainland and on different islands of the Greater Antilles have produced a set of morphologically similar species or ecomorphs occupying the same habitat (Williams, 1972 (Williams, , 1983 . Losos (1990a) has recently shown the limb proportions relate directly to performance capability, and moreover that they have (together with locomotory and social behaviour) evolved in response to habitat structure in 13 species of Jamaican and Puerto Rican anoles (Losos, 1990b) . Phylogenetic analyses (Losos, 1992) indicate that these associations (evolutionary specializations) have occurred repeatedly on different islands. The selection pressure towards specialization is hypothesized to be interspecific competition and a compelling case for this is made by Losos (1994) . In this context it is of interest to examine morphological differentiation in species without congeneric competitors, those living on Lesser Antillean islands. Anolis oculatus is one such solitary anole, occurring on the small but ecologically diverse island of Dominica. It represents the southernmost limit of the range of the bimaculatus species group, a relatively recently evolved offshoot of the Puerto Rican stock, which radiated in the northern Lesser Antilles in the late Miocene (Shochat & Dessauer, 1981) . It is a habitat generalist, utilizing a wide variety of habitats from dry seasonal woodland and scrub to rainforest, and within each habitat it occupies a wide range of structural niches, frequently being found on the ground as well as more than 5 metres above it on tree trunks. It is also a thermal habitat generalist (Ruibal & Philibosian, 1970; Malhotra & Thorpe, 1993) . It might seem logical to assume that the ancestor of the bimaculatus group belonged to the generalist ancestor of the Puerto Rican ecomorph radiation. However, this is not the case. Lazell (1972) has stated that bimaculatus group anoles correspond to a trunk-group ecomorph, but Losos (1995) considers them to be in the trunk-crown ecomorph category. Although Anolis oculatus is frequently observed on the ground and on trunks, it does not appear to use the canopy to any great extent (although definitive data on the extent of time spent in the canopy is lacking).
In contrast to the Greater Antillean radiations, Lesser Antillean anoles do not display regular patterns in morphology, with the marked exception of body size (Schoener, 1969a) , which converges in solitary species, but is separated by a ratio of 1.5-2 in coexisting species (there are never more than two species per island). The causes of this pattern of size variation have received continued attention (Roughgarden, Heckel & Fuentes, 1983; Rummel & Roughgarden, 1985; Roughgarden & Pacala, 1989 , Losos, 1990c Roughgarden, 1995) , but within-island variation in body size in the solitary species from environmentally heterogenous islands (A. marmoratus from Basse Terre, Guadeloupe, A. roquet from Martinique and A. oculatus from Dominica in particular) presents a problem to general theories. Roughgarden & Fuentes (1988) attempted to resolve this by examining the extent to which lizard size tracks local productivity, and concluded that the 'exceptional' size of montane populations of Anolis oculatus was a result of the greater productivity of the wetter upland habitats that only exist on these islands. This has generally been taken to imply an entirely environmental effect (i.e. phenotypic plasticity), despite the fact that Roughgarden and Fuentes proposed evolutionary explanations for the relationship between lizard size and environmental productivity, and specifically rejected phenotypic plasticity as an adequate explanation. However, the scale over which they studied the tracking of productivity was small (120 m) and covered an area of natural vegetation as well as cacao plantation. At this scale, differences in body size between habitat patches may simply be a result of larger male lizards being more successful at obtaining higher quality territories and thus represent a behavioral and not an evolutionary phenomena. Similarly, their interpretation of the relationship between total insect productivity and mean lizard size was flawed by their assumption that lizard density and predator density both increase at sites of high productivity, whereas in this species, sites with the highest productivity (montane rainforest sites) have in fact lower lizard densities (Bullock & Evans, 1990) and probably lower predator densities as well. Other studies contradict the importance of local productivity in determining asymptotic body size. Andrews (1979) found that while growth rate in any given population of anoles varied according to food availability, maximum body size was relatively invariant. Stamps & Tanaka (1981) demonstrated that the availability of drinking water as well as food limits the growth of Anolis aeneus in Grenada, thus an alternative explanation, not tested by Roughgarden & Fuentes (1977) , is that higher rainfall at higher altitudes is the most important determinant of lizard size.
Rainfall may also be important in determining shape, as a more robust animal would have a reduced surface area to volume ratio, and hence would be less susceptible to desiccation (Claussen, 1967) . However, studies on Greater Antillean ecomorphs suggest that differences in relative limb length are a particularly important means by which the ecomorphs partition the habitat (Losos, 1995) , and this has been shown to be correlated with the size of the supports used by the lizards (perch diameter). Characteristics of the toe pad also vary quite significantly among ecomorphs. The number of sub-digital lamellae is the character normally recorded; however, relative size of the toe pad undoubtedly also plays a role in clinging ability. This character seems to be correlated with perch height, and also with body size (Collette, 1961; Lister, 1976; Losos, 1990a) .
In interspecific ecological studies on anoles, emphasis has also been placed on the observed correlation of jaw length with prey size distributions. Again, this appears to be a way in which co-existing species partition niches (Lister, 1976; Schoener, 1967; Schoener & Gorman, 1968) . There is some evidence that the available prey-size distributions are very different between dry-scrub woodland and lowland rainforest in Dominica (Bullock, Jury & Evans, 1993) . As island anoles are suggested to be foodlimited but free from predation relative to mainland anoles (Andrews, 1976) , selection pressures might be expected to be stronger on trophic apparatus, or structures that relate to food gathering rather than those that relate to predator avoidance.
Although it has been known for decades that Anolis oculatus shows marked geographic variation in morphology (Lazell, 1962) , particularly colour pattern and body size, variation in shape has not been studied. Here we report the results of an investigation into size and shape variation in both males and females, and its relation to habitat differences and patterns of environmental variation.
METHODS

Samples and character recording
Lizards were sampled over a period of 6 months, from 33 localities (ranging from 15 metres to 750 metres above sea level) which were evenly dispersed around the island in different habitats (Fig. 1) . Twenty adult, sexually mature, lizards (ten of each sex) were collected from each site, by noosing or hand-catching after locating the lizards visually. Most sites were collected in a day, but for some sites with low population densities, several visits were required to catch a full sample. All specimens were collected by the authors.
After being photographed for subsequent colour pattern analysis, the lizards were weighed and anaesthetized with sodium pentobarbitone (the commercially available preparation, at a concentration of 60 mg/ml, was diluted 20 times and injected ventrally at a dosage of 0.01 ml per gram of body weight). After body measurements (recorded with digital callipers to an accuracy of 0.05 mm) had been recorded from the anaesthetized lizards, they were allowed to recover, then returned to the site of capture.
The characters used, and the criteria used to measure them, are described in the following sections (the abbreviations given in parentheses will be used hereafter when referring to the characters.
(1) snout-vent length (SVL) measured from the anterior tip of the snout to the anterior edge of the vent; (2) jaw length (JAWL) measured from the angle of the jaw to the tip of the snout; (3) head length (HEADL) measured from the anterior edge of the tympanum to the tip of the snout; (4) head depth (HEADD) measured at a point just posterior to the eyes; (5) head width (HEADW) measured at the widest part of the head; (6) snout width (SW) measured at a point just anterior to the eyes; (7) upper leg length (UPLEGL) measured from the angle of the knee joint to the midline between the hind limbs; (8) lower leg length (LOWLEGL) measured from the angle of the knee joint to the angle of the ankle joint; (9) length of the fourth toe of the hind foot (TOEL) measured from the webbing between the third and the fourth toes to the tip of the pad on the fourth phalange; (10) width of the fourth toe of the hind foot (TOEW) measured at its widest point; (11) tail depth (TD) measured at a point half the snout-vent distance from the vent, from the ventral surface of the tail to the tip of the nearest peak in the tail crest; (12) neck crest height (NCD) measured at its deepest point, males only; (13) dewlap area (DEWSIZE) measured by drawing around the edge of the extended dewlap onto graph paper and counting the number of 1 mm squares enclosed. For computational purposes this was reduced to a linear measurement.
Analysis of geographic variation
Intraspecific variation is a composite of spatial, sexual and ontogenetic variation, and the effects of the latter two factors will have to be negated in order to reveal the true nature of spatial differentiation. Sexual variation is dealt with by treating the sexes separately in all analyses, but growth (which confuses size and shape variation through allometric effects) is more difficult to deal with. Methods by which this is achieved include bivariate regression and ordination methods (Thorpe, 1983a,b) .
Characters were first screened singly for significant differences between localities using a two-way analysis of variance (ANOVA) or covariance (ANCOVA), with the data grouped by locality and sex. Since body proportions covary with size, it is necessary to take size into account. Where an univariate estimate of size is appropriate, snout-vent length is used. An analysis of covariance does this by performing an analysis of variance on the residuals of the regression of the character in question against snout-vent length. The relationships between size-dependent characters and snout-vent length were linearized by log-transforming snout-vent length and dependent variables prior to performing an analysis of covariance with snout-vent length as the covariate. The group means (adjusted by the pooled withingroup slope) resulting from this procedure were then used for all other analyses (principal component analysis on group means, character contouring and matrix correspondence tests). The presence of a geographic pattern was assessed by plotting isophenes (lines joining localities having a similar phenetic value) onto a map of Dominica using the SURFER program (Anon, 1990) . Rather than simply portraying the contours on a two-dimensional surface, isophenes are portrayed as a threedimensional surface, allowing the pattern of geographic variation in any character to be easily visualized. Mulitivariate patterns of variation can also be portrayed by contouring canonical variate or principal component scores. The contours were plotted using the inverse squared distance weighted averaging interpolation technique (Anon, 1990 ) and smoothed using a cubic spline.
A canonical variate analysis (CVA) was used to study multivariate patterns of shape and size variation. This method ordinates a priori groups so that it maximizes the between-group variation in relation to the within-group variation, thus producing maximal separation between groups. This is a powerful technique, in that it overcomes the problem of information redundancy in the character set by taking into account the within-group correlation/covariation between characters (Thorpe, 1976 (Thorpe, , 1983a and is thus particularly suitable for analysis of size-related characters. However, in some rare circumstances, differences in size ranges between groups may nevertheless bias the results of this analysis (Corti et al., 1988) .
A complementary technique is multiple-group principal component analysis (MGPCA). This technique (Thorpe, 1983b (Thorpe, , 1988 ) is valuable for extracting variation due to growth from linear body proportions, in the case of multiple groups. As in the bivariate case (Thorpe, 1976 ), a growth vector should not be extracted from data pooled irrespective of group (ordinary PCA); rather the pooled within-group correlation/covariance matrix should be used to extract eigenvectors. When this is done, the first component may express growth (size) variation (i.e. it has loadings of the same magnitude and sign for all growth-dependent variables). If the MGPCA vectors are then treated as variables in a two-way analysis of variance, it is possible to interpret the components in terms of their importance in discriminating between localities, and between sexes. If they are then entered in a CVA, the results will be exactly the same as a CVA on the raw character scores. The contribution of each MGPC to among-group variation can be assessed from the F-ratio. If the 'size' vector dominates (as it might if the groups contained widely differing size classes), it can then be ignored, and the remainder can be used as variables in a subsequent 'sizefree' canonical analysis which will be largely free of these growth effects.
Hypothesis testing
Data was collected on a range of environmental and ecological variables for all 33 localities. These were: (1) vegetation type (VEG); (2) altitude in metres above sea level (ALT); (3) mean annual temperature in °C (TEMP); (4) mean annual rainfall in millimetres (RF). These variables were chosen because accurate and comparative data could be obtained for all sites. Temperature and rainfall were obtained from maps in Lang (1967) . Altitude was measured with a Thommen altimeter accurate to ± 10 m, most measurements being verified on separate occasions. Because the complexity of vegetation patterns seen in Dominica precluded a simple scoring system as in Thorpe & Brown's Canary island study (1989) , where there were only two contrasting vegetation zones, vegetation was scored as three variables corresponding to dry seasonal woodland, rainforest and littoral woodland respectively (Beard, 1948) . A rainforest site would thus be scored as 0, 1, 0; a dry seasonal woodland site as 1, 0, 0, and a site in the transition between the two as 0.5, 0.5, 0. The score for any particular site thus reflects a number of aspects of the vegetation type including its physical structure (height and degree of closure of canopy, girth of trees) as well as species composition. Maps illustrating the distribution of these variables can be found in Malhotra & Thorpe (1991a) .
While the various hypotheses outlined above could have been tested by including more specific variables (e.g. the predicted relationship between body size and insect abundance might have been specifically tested by including a measure of prey abundance), in practice this variable would have been impossible to measure accurately at 33 different localities without introducing temporal biases. In any case, prey abundance is a function of local productivity, which is reflected in the vegetation (Roughgarden & Fuentes, 1977) . Similarly, it would also have been impossible to gather meaningful data on predator abundance at all sampling localities but both the number of species of anole predators (avian and reptilian) and their abundance decreases with altitude. Once general patterns of association are identified more specific hypotheses can be formulated and tested. Observed patterns of geographic variation of individual morphological characters (dependant variable) were compared to several hypothesized patterns (independent variables) simultaneously, thus allowing the individual effects of inter-correlated independent variables to be assessed. Thorpe & Brown (1989) provide a critical discussion of the relative merits of multiple regression/partial correlation methods compared to other methods of hypothesis testing. An additional variable which should be included in all studies of causation is geographic proximity (representing an isolation-by distance model, and any spatial effects not explicitly considered). This is primarily a two-dimensional hypothesis, and can only be adequately represented as a matrix of distances between pairs of populations. Since matrix correlations suffer from the problem of non-independence of matrix elements, standard significance tests are inappropriate. The associations between observed and hypothesized matrices was therefore tested using a Mantel test, a non-parametric method which uses randomization techniques (Sokal, 1979; Dietz, 1983; Smouse, Long & Sokal, 1986; Manly, 1991; Thorpe, Black & Malhotra, in press ). The significance of the association between two matrices (measured by a statistic such as the partial regression coefficients) is determined by randomly reordering the observed matrix and recalculating the association between them. If this is done a large number of times, the significance of the actual statistic of association can be determined by the number of occasions in which the randomized matrices give higher values for the test statistic. Manly (1991) recommends 5000 randomizations as a realistic minimum for estimating a significance level of 0.01, but other authors (Jackson & Somer, 1989) suggest a minimum of 10 000 randomizations. The latter recommendation was followed in this study.
Until recently, the application of Mantel's test was restricted by the fact that it was only possible to consider two independent matrices simultaneously (Brown, Thorpe & Baez, 1991) . However, a computer program recently made available by B. F. J. Manly (and adapted by R. S. Thorpe), enables up to eight independent matrices to be regressed simultaneously against the dependent matrix ( Thorpe et al., 1995) . This represents a significant advance in the utility of Mantel's test for studies of association.
Taxonomic distance matrices between the localities was calculated for each character (size-adjusted group means), or set of characters (since this procedure applies equally to multivariate patterns). The same can be done for the independent variables. Another advantage of this method is that it allows the pattern of variation in multi-dimensional characters (e.g. vegetation) which would otherwise be represented as several independent variables to be represented by a single matrix. Sequential Bonferroni corrections were applied to probabilities obtained since multiple hypothesis tests are involved (Rice, 1989) . Maximum snout-vent length observed in a population was used rather than population means as it is a more accurate estimation of the asymptotic body size (Stamps & Andrews, 1992) . Although this measure is dependent on sample size, subsequent larger collections made at some sites (Malhotra & Thorpe, 1991b) have shown that maximum size was consistently underestimated by 3-5%; thus sampling error has not introduced a bias.
RESULTS
Analysis of variance and covariance
A 2-way analysis of variance (ANOVA) on snout-vent length, and 2-way analysis of covariance (ANCOVA) on the 12 body-proportion characters showed that highly significant between-group differences exist for all characters (Table 1 ). Sexes were also significantly different for all characters, and geographic variation in the degree of sexual dimorphism (given by the interaction between group and sex) is significantly different for SVL, JAWL, HEADL, HEADD, HEADW, and LOW-LEGL (P < 0.05 for all characters).
While there may be significant between-population differences, this does not imply a coherent pattern of geographic variation since the populations are considered independent of their geographic location. Variation in individual characters can be portrayed by surface contour maps, enabling one to judge visually whether the variation in each character is mosaic, categorical or clinal. Almost all the body proportion characters show clinal variation, although NCD could be better described as showing mosaic variation. None of the patterns are categorical in nature. Several patterns of clinal variation are illustrated by different characters (Fig.  2) . For example, TD shows a predominantly east-west cline, while SVL shows altitudinal variation. HEADW shows both east-west and north-south clinal changes, resulting in the southern part of the Caribbean coast having higher values than the 12** * = P < 0.05; ** = P < 0.01; *** = P < 0.001.
rest of the island. The extent of congruence between the patterns of variation in different characters (given by the among-group correlation matrix) indicates that most characters show essentially independent patterns of variation (r < 0.5).
Exceptions to this general pattern are that HEADL is largely congruent with JAWL, and UPLEGL, LOWLEGL and TOEL are all intercorrelated with r < 0.7 in both sexes.
Multiple group principal component analysis
MGPCA was performed on 12 body proportion characters for both males and females together (NCD was excluded as this character is not recordable in females). The normalized eigenvector coefficients are tabulated in Table 2 . The first multiple group principal component (MPGC1) can be interpreted as a size component, as all the characters have negative loadings of approximately equal magnitude for this component. Similarly, the other vectors can be interpreted in terms of the character combinations which show large loadings for that component. Thus MGPC2 is a 'dewlap size' component, MGPC3 is 'tail depth' component, MGPC4 is a 'leg gracility' (width versus length) component. Some components summarise different aspects of the same factor. For example, MGPC6, MGPC7, MGPC9 and MGPC12 all summarize various aspects of variation in head shape. MGPC5 and MGPC11 represent 'overall robustness' vectors, MGPC4, MGPC8 and MGPC10 all summarize variation in leg shape. Table 3 shows the relative contribution of the multiple group principal components to within-group and between-group variation. While MGPC1 (the size vector) summarizes 85.6% of the within-group variation in size of the males, it contributes only 12.7% to between-group variance. On the other hand, MGPC5 (a robustness vector) represents only 1.4% of the variation within groups, yet contributes almost a quarter of the overall between-group variation. The F-ratios in Table 3 shows the relative contribution of each component to differentiating between localities and sexes. In almost every case, F-ratio for sex is several times higher than the F-ratio for locality, suggesting that sexual dimorphism in body shape is more marked in this species than population differentiation. However, there is geographic variation in every MGPC (all the F-ratios are highly significant). 
Canonical variate analysis
While MGPCA is very useful here for examining the relative influence of growth effects, it has shown that in fact there is no substantial bias (the size vector does not dominate the between-group variance). A 'size-out' canonical variate analysis showed that there was no substantial difference between the scatter of populations when compared to a 'size-in' analysis. As pointed out before, a canonical variate analysis of all the MGPC's is equivalent to a CVA on the raw scores themselves. In this case, a CVA on the raw scores (not size-adjusted) was repeated so that NCD could be included for the males. An examination of the standardized canonical coefficients on the first three canonical variates shows the morphological characters that contribute to each. CV1 has a similar loading in both males and females (Table  4) , with LOWLEGL and JAWL with high positive loadings. In males, HEADW has a high negative loading, implying that CV1 is a 'gracility' component, with parallel increases in leg length and jaw length while head width decreases. However, in females it is HEADL and SVL which have high negative loadings, implying that it is the relative length of the jaw compared to the head and body size which varies. CV2 in females shows a contrast between HEADL and HEADD (high loadings of opposite sign) and can be interpreted as a head shape factor, while in males in addition to head shape characters, SVL, TOEL and TD also have high loadings. However, HEADL has by far the highest loading and thus CV2 can be interpreted as a head shape factor in males as well. CV3 is not readily interpretable in either sex.
The scores for each group on the first three canonical variables were portrayed by surface contouring (Fig. 3) . CV1 shows mainly an east-west cline, but with both an altitudinal and a north-west vs. south-west component, in both males and females. CV2 shows different patterns between sexes. In males, there is a strong east-west contrast, while in females there is a north-south trend, with once again a contrast between north-west and south-west coasts. CV3 shows altitudinal variation in males, and an east-west cline in females. Once again, the south-west coast is contrasted with the rest of the island. The first three canonical variables summarize 68% (males) and 62% (females) of total variation in body proportions.
The separation between populations can be visualised by plotting their scores on the first three canonical variates three-dimensionally (Fig. 4) . The most striking impression is the lack of distinct groupings in the scatter of populations. While the populations do largely fall into one of four subregions (described here a North Caribbean, South Caribbean, Atlantic and Montane) in the plots for both males and females, these are not necessarily exclusive (for example, locality 23, a high altitude site on the Atlantic side of the central barrier range, groups closely with other Atlantic coastal localities for both males and females). Also the groupings differ between the sexes (for example locality 9, on the Atlantic coast, groups with North Caribbean localities in females, but is quite distinct in males, largely as a consequence of its loading on CV2 which is weighted by characters showing strong sexual dimorphism, e.g. TD).
Hypothesis testing
Generalized shape (calculated from the adjusted mean score data set) were found to be significantly associated with the vegetation matrix in males (Table 5) . Females show a similar trend, although the relationship with vegetation is not significant after Bonferroni correction (P = 0.03). Size (measured by maximum SVL) is highly significantly associated with altitude in males, but in females it is associated with rainfall. Both sexes, however, show a consistent association between limb length (a matrix based on three limb characters, UPLEGL, LOWLEGL, TOEL) and vegetation type. Head shape (HEADL, HEADD, HEADW, SW), although showing significant geographic variation (see MGPCA results above) fails to show any relationship to environmental variables. However, when these variables are tested individually, HEADW does show a significant association with vegetation type in males. Only a few other individual characters are significantly correlated with environmental variables; an example is TOEW in females, which is significantly correlated with altitude.
DISCUSSION
When patterns of geographic variation in morphology are found to be strongly associated with environmental patterns, it is tempting to interpret it as being adaptive in some way, but it may be a simple consequence of the modulating effect of temperature on developmental processes, and this is particularly relevant for ectotherms. However, while realized body size and shape will undoubtedly be influenced by the environment, this does not preclude the existence of an underlying genetic component (Atchley, 1983) . Body size is known to have a significant effect on the number of life history variables that contribute to overall fitness (reviewed by Barbault, 1988) and may thus be expected to have both a genetic and a phenotypic component. Considerable additive genetic variation has in fact been shown to exist for body size in many species (Boag & Grant, 1978; Falconer, 1981; Ferguson, Snell & Landwer, 1990; Wiggins, 1990) , even when environmental induction and maternal effects are also present (Berven, 1982a,b) .
Environmental effects on allometric growth may also affect shape (Atchley & Rutledge, 1980; Gillham & Claridge, 1994) . Studies on reptiles, however, provide contradictory evidence regarding its importance. Arnold & Peterson (1989) have shown that developmental temperature influences size, but not shape, in garter snakes, Blouin & Loeb (1991) found no effect of developmental rate on head and limb shape in the tree frog Hyla cinerea and Losos, Irschick & Schoener (1994) refer to a pilot study in which hatchling A. sagrei raised on perches of different diameter did not show any environmental effects on relative limb length. However, development temperature has been shown to alter body and relative head size in pine snakes (Burger, Zappalorti & Gochfeld, 1987) although these changes occurred at a low temperature that was also associated with high hatchling mortality and gross abnormalities. Vandamme et al. (1992) also showed that developmental temperature affected hatching size and subsequent growth rate and performance ability (sprint speed). However, the interspecific patterns of body size seen in Anolis lizards of the Lesser Antilles and the shape differences between Greater Antillean ecomorphs described above suggest that body size and shape is under genetic control. While further work will be required before the relative genetic contribution to morphological variation in Anolis oculatus can be assessed, it is interesting to note that no pattern of variation in any character was significantly associated with temperature. In addition, the discrepancy between patterns in males and females suggest that different factors may be acting on them (e.g. different selection pressures).
Some generalizations are possible from the results of this study. Notably, despite the prediction that body size would be associated with vegetation type (since this in turn is closely linked with productivity) this has not proved to be the case. Male body size is correlated with altitude, suggesting that one explanation may be differential mortality due to some altitudinally varying factor. Roughgarden & Fuentes (1977) discounted predation since they assumed that predation intensity would be higher at more highly productive sites. The main predators of Anolis oculatus are likely to be birds such as mangrove cuckoos and thrashers (Wunderle, 1981 ; personal observation), as well as the snake Alsophis antillenis (Schwartz & Henderson, 1991; personal observation) . At least some of the bird species and the snake are predominantly found on the coasts, and the latter reaches relatively high densities on the west coast (personal observation). Andrews (1979) showed that A. oculatus is a relatively long-lived, late maturing species compared to mainland anoles, which she attributes to the difference in predation intensity. A within-island cline in predation intensity might reinforce these differences. Varying predation intensity could act on body size either directly (i.e. animals are larger because they are older) or indirectly (through selection on life history traits). If it is the former, one would expect the proportion of large animals in a given population to differ (i.e. the mean body size will differ between populations), but a few animals in each population would still be expected to attain the maximum size through chance. In fact, not a single animal from all coastal populations attains the maximum size recorded for the species, whereas adult males at montane sites are frequently considerably larger than the maximum size recorded at coastal localities. This hypothesis may also be capable of explaining the discrepancy between patterns of association between the sexes (female size appears to be associated with rainfall not altitude) as predation is quite likely to be male-biased, since they are much more obvious.
A number of studies have indicated that the changes in body size result in a shift in the size of prey taken, and this is the case in A. oculatus also (Bullock, Jury & Evans, 1993) . It is possible, therefore that an increase in within-species body size differences is driven by intraspecific competition for resources. In anoles, access to both food and females is determined by the size of the territory defended, and the largest males are likely to be the most successful at defending large territories. In addition, an increase in body size will increase the range of prey sizes that can be utilized by the species, since juvenile and female anoles will continue to exploit the smaller prey size classes (this may explain why there is a poor correlation between head or jaw length and ecological factors). However, an evolutionary increase in size may be constrained by high predation at lower altitudes while foraging constraints such as the size of prey available may place an upper limit to an increase in size at higher altitudes (Schoener, 1969b; Naganuma & Roughgarden, 1990) .
In addition to documenting significant size variation, this study has demonstrated substantial geographic variation in shape in Anolis oculatus. While patterns of males and females are not entirely congruent, this is due in a large part to the sexual dimorphism exhibited by the species in body shape as well as size. For example, tail depth contributes considerably to variation in generalized body proportions in males. This is a reflection of the high tail crest displayed by adult males from the Atlantic side of the island. However, patterns of variation in a significant proportion of variation (CV1, summarizing 40% and 28% of total variation in males and females respectively) are very similar in both sexes (Fig. 3) .
The overall correlation of shape and of limb length characters with vegetation type demonstrated here for male Anolis oculatus is in accord with the trends reported for Greater Antillean ecomorphs, although the magnitude of the differences is relatively subtle. Animals from rainforest areas have longer limbs, which have been shown to have an advantage on broader supports (Losos & Sinervo, 1989) . Very few studies comparing ecomorph females have been done, but it appears that they are less differentiated relative to males (Losos, 1994) . This trend appears to be to be mirrored in A. oculatus. However, a significant relationship between toe width (TOEW) and altitude was found in females only. It is likely that greater clinging ability is more important to females, who will frequently be carrying the additional weight of an egg, but the reason why this character should be related to altitude rather than vegetation type is unclear.
Despite these correlations with habitat variation, considerable variation in shape occurs between northern and southern populations of the Caribbean coast, where vegetation type (or indeed, environmental conditions that may affect development) does not appear to be greatly variable. Moreover, this change in shape is reflected in congruent changes in scalation and colour pattern (Malhotra & Thorpe, 1994, in press) . It is possible that another factor, not considered in this study, is responsible for the degree of divergence of southern Caribbean coast populations, and this is currently the subject of further investigation.
